Sympathetic nerve stimulation elevates the intravascular pressure in the lungs, affecting the vascular permeability as indicated by an increase in the ratio of lymph-to-plasma pro tein concentrations (1, 2) . In neurogenic pul monary edema, which is usually associated with enhanced sympathetic nerve activity, the observed increase in vascular permeability has reportedly been ascribed to such an increase in intravascular pressure (3, 4) . However, the change in pulmonary vascular permeability has not yet been fully distinguished from hemo dynamic changes. Thus, it is still obscure whether the increase in vascular permeability is mediated by an increase in intravascular pressure due to catecholamine-induced vascu lar constriction or by a direct action of sym pathetic neurotransmitters.
Recently, several investigators have evalu ated the effects of some agents on pulmonary vascular permeability, using an isolated lung perfusion preparation in which both vascular and bronchial pressures were controlled (5 7). In the present study, we tried to ascertain the effects of electrical stimulation of sym pathetic nerves on vascular permeability in lungs, using an isolated sympathetic nerve lung perfusion preparation.
Eleven male Wistar rats, weighing 200-300 g, were used. They were anesthetized with an intraperitoneal injection of pentobarbital sodium at the dose of 50 mg/kg. A tracheal tube was inserted after tracheotomy. Arterial and venous cannulae were inserted into the left pulmonary artery via the right ventricle as well as into the left atrium, respectively. Blood was removed using a Krebs-Henseleit solution containing 10% low molecular weight dextran, 3% bovine serum albumin and 10-4 M papaverine hydrochloride (Tokyo Kasei Kogyo Co., Ltd.). The perfusion fluid was continuously bubbled with 100%02, and the pH value adjusted to within the range of 7.3 7.5 with either hydrochloric acid or sodium bicarbonate solution. The Krebs-Henseleit solution contained 118 mM NaCl, 4.7 mM KC1, 2.5 mM CaC122H20, 1.2 mM MgSO4 7H2O, 1.2 mM KH2PO4, 25 mM NaHCO3 and 10 mM glucose. To make the isolated lung perfusion preparation with intact sympathetic nerves, we carefully dissected the connective tissues around the left stellate ganglion and then removed the lungs en bloc along with sympathetic nerves and the heart. The vagus nerves were cut midcervically and dissected out just before entering the site where the pul monary arterial trunk becomes parallel to the ascending aorta, to facilitate avoidance of their simultaneous stimulation. After removing the lungs, the vessels and bronchus to the right lung were ligated at the hilus.
The lung perfusion circuit and weighing sys tem were described previously by Gaar et al. (8) . Briefly, the lungs were placed in a humidi fied chamber, and the temperature was main tained at 35°C. The left lung was perfused in a condition of zone III (venous pressure > alveolar pressure) with a constant airway pressure, 30 mmH2O. Pulmonary arterial and venous pressures (Pa and P,,, respectively) were measured with pressure transducers (LPU-0.1, Nihon Kohden, Tokyo, Japan) positioned at the orifices of the inflow and outflow cannulae, respectively. Pressures were zeroed at the level of the lung hilus, and the majority of the lung mass was below this level. Perfusion flow was measured by counting the drips from the venous outlet with a tachome ter (Nihon Kohden, RT-5). Lung weight was measured with a force-displacement transducer (Nihon Kohden, TB-611T) connected to an amplifier (Nihon Kohden, RP-5). Pa, P, lung weight and perfusion flow were continuously recorded on a multipurpose polygraph record er (Nihon Kohden, RM-8).
A pair of platinum electrodes was attached to the sympathetic nerves from the left stellate ganglion. The nerves were stimulated for 30 sec with rectangular electrical pulses at a volt age of 1 5 volts, duration of 0.5 msec, and frequency of 1-30 Hz. Stimulation was re peated every 25 min.
In order to examine the permeability changes in response to the sympathetic nerve stimulation, carbon solution (C11/1431a, Gun ther Wagner Pellikan-Werke, Hannover) was injected into the venous reservoir at a dose of 1 ml/50 ml of perfusion fluid in 3 rats. There after, the sympathetic nerve stimulation was performed 3 times within 1.5 hours, and then the perfusion fluid containing carbon was washed out. The left lung was then quickly ex tracted and fixed in 10% formalin solution for subsequent histological analysis under the microscope. The same procedure was carried out without nerve stimulation with an addi tional three rats.
When the intravascular pressure was in creased by elevating the height of the arterial reservoir and venous outlet simultaneously, the lung rapidly gained weight during the first 1-2 min, and then the weight increased more slowly (8) (Fig. 1) . According to the Starling hypothesis (9), fluid movement across the vascular wall is equilibrated with differences in hydrostatic pressure and osmotic pressure be tween the intra and extra-vascular spaces. If an imbalance between these parameters does occur, then fluid will move through the capil lary membrane. Rippe et al. (10) and Gaar et al. (8) showed that elevating the intravascular pressure first caused rapid gain of lung weight, followed by a gradual upward slope of weight change. They ascribed the former to an in crease in intravascular blood volume and the latter, to transvascular fluid movement, be cause the rate of edema formation in the lung had been shown to be directly proportional to an increase in left atrial pressure (11) .
When papaverine, a vasodilator, was not used, the sympathetic nerve stimulation slight ly lowered the lung weight, without any effect on pressure and flow. In this case, treatment with 10-4 M papaverine reversed the response to sympathetic nerve stimulation from a de crease to an increase in lung weight.
We stimulated the sympathetic nerves be fore elevating the intravascular pressure or (10) using dogs, the time required for the latter was 2 3 min, in con trast to the value for rats of 1 2 min (N. Ishi kawa et al., unpublished result). To put this in context, 3 min after the pressure increase, the lung weight gain can be considered to be almost entirely due to transvascular filtration of perfusion fluid. Such transvascular fluid movement may be absent before and 15 min after the pressure increment, whereas filtra tion might be expected to occur 3 and 7 min after the pressure increment. If this is the case, it is feasible that after the pressure incre ment, the response to sympathetic nerve stim ulation fades as the level of transvascular fluid filtration gradually decreased. Histologically, carbon particles in the extra vascular space were observed in nerve stimu lated lungs as shown in Fig. 2 , but not in un stimulated lungs (data not shown): deposits of carbon were located in the perivascular walls and in macrophages. These findings suggest that carbon particles had leaked across the vascular wall in response to the sympathetic nerve stimulation. Generally, lung weight gain can be ascribed to two possible mechanisms: 1) an increase in intra and/or extra-vascular fluid volume due to an increase in intravascular pressure caused by veno-constriction, and 2) an increase in ex travascular fluid volume due to enhanced transvascular permeability. The action of sym pathetic nerve stimulation on lung weight, at first, sometimes demonstrated a latency of less than 30 sec. Such a latency would not have been observed if nerve-associated vascular constriction had participated in the lung weight changes. Furthermore, since the ex periments were all performed under zone III conditions and at a constant nonpulsile intra bronchial pressure, increase in vascular surface area may have been eliminated. Finally, no obvious change in lung weight was obtained in response to nerve stimulation performed be fore or 15 min after the pressure increment. These results thus suggested that the lung weight gain caused by sympathetic nerve stim ulation was not directly due to change in intra vascular pressure, even if a small pressure change was involved.
In neurogenic pulmonary edema, a role of catecholamines in increasing the lung vascular permeability had been considered, based on the finding that large doses of epinephrine can produce pulmonary edema with protein-rich edema fluid (13) . Moreover, Hakim et al. (1) showed that stellate ganglion stimulation in creased both the pulmonary lymph flow and protein flow, indicating an increase in vascular permeability. However, Minnear et al. (14) re ported that neither epinephrine nor norepi nephrine-infusion increased the lung vascular permeability. They suggested that these anom alous results might be due to differences be tween the infusion of catecholamines and sym pathetic nerve stimulation. Whatever, the evi dence supports the conclusion that enhanced sympathetic nerve activity does play a role in increasing lung vascular permeability. Whether catecholamines released from the sympathetic nerve terminal cause or modulate the increase in vascular permeability may be clarified by further utilization of the present preparation method. In conclusion, the results obtained in the present study provided the first objective clue to assessment of changes in vascular per meability associated with sympathetic nerve activity, suggesting independence from intra vascular pressure changes. Furthermore, the preparation used in the present study may be useful for analyzing the lung vascular per meability affected by the sympathetic nerve activity.
